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e Effect of Sodium Perchlorate and Ionizing Irradiation on the
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sbstract. Ina 46-week-expenmcm on 72 female mice the influence of peroral 1.2% sodium perchlorate
jcation. total ionizing irradiation with 8 Gy on 5 consecutive days and their interaction on the pituitary-
avroid axis was studied by histological and stereological methods. It was observed that perchlorate alone
used long-term and strong hypothyroidism with hypenrophnc and hyperplastic thyroid epithelial cells as well
ngary thyrotropic cells. When only irradiation was used, no uniform changes in the structure and function

« these cells could be detected. The interaction of perchloratc and irradiation showed similar effects as
‘,oszaucs alone, with some exceptions; paradoxically, minor: hyperplasia- of thyrotropic as well as of
’,,folhcular cells was observed. A high percentage of the follicular cell carcinoma was found after perchlorate
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ettt 2 soplication and after its combmauon with irradiation. No medullary carcinoma was found
le for flof g .
0]  1;iroduction | one control group of animals were totally irradiated with 0.8 Gy on
58 %‘ : 5 consecutive days, with the dose rate 1.45 Gy/min of gamma rays.
0y 30 that each animal received 3 total dose of 4 Gy.
P The perchlorate ions (ClO%) inhibit the uptake of
i - . Forty-six weeks after the beginning of the experiment 42 animals
i F adioactive iodine in the thyroid gland [l] Its deficien were sacrificed, while 30 had died during the expenmcnl From the
Ry F] o kadsto the reduced synthws and secretion of the  gyerificed animals the thyroid glands and oved
tinics ;. K34 vroid hormones thyroxine and triiodothyroninc and  tac hiSislogical studics followed by stereological analysis in order to
S 1 . iheincreased concentration of pituitary thyrotropin  quantify the changes in the histological structure [S. 6].

TsH)in the blood [2, 3]. The changed hormone levels
e accompanied by hypertrophy and hyperplasia of
swroid follicular cells as well as by incipient strong
npertrophy and hyperplasia of parafollicular cell [4).

The aim of this study was to evaluate the influence

+peroral application of sodium perchlorate, ionizing

| wadiation in low doses, and their interaction on
=ouse thyroid epithelial cells, on thyroid parafol-

xular cells, and on pituitary thyrotroplc cells in an

aperiment of 46 weeks duration.

Materials and Methods .

Sc\'ehl)-two female mice of BALB/c strain. 6 weeks of age., were

«domly divided into six groups of 12 animals.each. Three groups.

sak 1.2% sodium perchlorate solution (NaClO4 frenat. Tropon-
*ke. Kéln), while three control groups drank tap water. Eight or
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The thyroid glands were fixed in Bouin’s solution. embedded in
paraplast and cut into three parallel step serial sections. 6 ym thick.
One series was stained with PAS and light green. the other with
hematoxylin-eosin and the third with the silver impregnation
method according to Fernandez-Pasquale to present parafollicular
cells. The pituitaries, fixed and embedded in the same way as the

- thyroids, were cut into two parallel step serial sections. 4 um thick. -

One was stained according to Cleveland-Wolf and the other with
immunoperoxidase method using rabbit antiserum against human
TSH to present the thyrotropic cells.

The stereological analysis of the two types of glands was carried
out by a multipurpose test system (M-42) inserted into the eyepiece
at a magnification x 10. First, the total (absolute) volumes of the
thyroid glands and distal parts of the adenohypophysis were deter-
mined at an objective magnification of x 10. At an objective magni-
fication x 60 the volume densities of the epithelial. parafollicular
and thyrotropic cells were estimated. In addition. the numerical
densities of their nuclei were estimated' at an immersion objective
magnification x 100, using our procedure (7]. From the stereologi-
cal values obtained the total as well as the average volumes of the
cells and the total numbers of the cell nuclei were calculated. Fin-
ally, Student’s t test was used for the statistical analysis.
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Results

Obvious changes have to be seen in the histological
pictures of the thyroid and pituitary glands after
perchlorate drinking (fig. 1). The incidence of fol-
licular cell carcinoma among 42 sacrificed animals was
0/22 in all control groups, 5/6 in perchlorate-non-
irradiated and 14/14 in perchlorate-irradiated groups;
no medullary carcinoma appeared. Stereological
analysis after perchlorate application . showed an
average increase in the total volume of the thyroid
glands to 65 mm?® in comparison to 3 mm?® in the
controls. The total volume increase of the pituitary
distal parts after perchlorate treatment was 2.3 mm?
in nonirradiated animals in comparison to 1.1 mm?® in
nonirradiated controls. In late irradiated perchlorate
animals this increase was negligible (fig. 2). Figure 3
presents the effect of perchlorate treatment in the
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~ Fig. 1. Mouse thyroid glaads
the control (a) and perchiorute g
_ group stained by ﬁm@:
cosin, thyroid perafollicalarcelley.
the control (¢} and mg
group stained according 40 Ferseg,
g dez-Pasquale, and pituitary. thysy
MR tropic cells of the cootrol () sad

lorate group sizined
gx:hunopcmi%:se ‘method ';’

f antihuman TSH serum. x 48 -
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sense of cell hypertrophy documented in the average
cell volumes of all three cell lines. The total number of
cell nuclei, being an indicator of cell hyperplasia, was
increased 20 times on average after perchlorate treat-
ment in all epithelial cells. This increase after per-
chlorate was less expressed in the parafollicular and
thyrotropic cells of nonirradiated animals. The
irradiation annihilated this effect in the thyrotropic
and parafollicular cells, especially when irradiation

was used later (fig. 4).

_ Discussion
In this study for the first time the effects of per-

chlorate application; ionizing irradiation and their
interaction on the thyroid and pituitary glands have

been quantitatively evaluated, systematically using
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¢ rease in the total number of parafollicular cells was
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. 2. The total volumes of the thyroid glands (V. + | SE) and ¢
5l pans of the adenohypophysis (Ve + 1 SE) of the control (C) . :
+rerchlorate (P) group after 46 weeks of the experiment. The Fig. 3. The average volumes (¥ + 1 SE) of the epithelial (¢),
(+ | SE) for each experimental group is drawn. Signifi- . thyrotropic (t) and parafollicular (p) cells of the control (C) and

<iEe perchlorate (P) groups after 46 weeks of the experiment.

at of differences is indicated by notation of the corresponding
 kevels (p <). CN = Control nonirradiated group; C8 = early
adated (after 8 weeks of the experiment) control group; C32 =
o uradiated (after 32 weeks of the experimant) control group:
= perchlorate nonirradiated group; P8 = early irradiated (after
1 sccks of the experiment) perchlorate group; P32 = late irradiated
ser 32 weeks of the experiment) perchlorate group.
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sercological methods. The impairment of the iodine Wi Uit 0

sump by perchlorate in the long-term experiment on
zie reduced the synthesis of the two thyroid hor-
nones and caused hyperthyrotropinemia {unpubl.
‘uta). A strong hypertrophy and enormous. hyper-
siasia of the thyroid follicular and pituitary thyro-
wapic cells was accompanied by a high incidence 2&/
2lficular cell carcinoma. oy
From our previous research based upon | month of
xrchlorate drinking, an approximately 30Id in-
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aere was no hyperplasia of the parafollicular cells and e ,

2 medullary cancer appeared. After total fractional e

~tadiation with low doses. of gamma rays no uniform
“hanges in the structure and function of the two
£ands could be detected.

Fig. 4. The total numbers (N + 1SE) of the epithelial (¢). .
thyrotropic (1) and parafollicular (p) cell nuclei (n) of the control (C)
and perchlorate (P) groups after 46 weeks of the experiment. Where
+1 SE is omitted, there are less than 10* nuclei.
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caused follicular cell carcinoma in all cases; besides, 2 Kosin M. Sultar3i¢ J. Kalidnik M, et al: Correlation §

lasia and emphasized h hy of structure and function of the rat's thyroid gland {in’
decreased hyperp emp Ypertrophy ot . ). Endocrinol lugosl 1978:1:3.13,

the parafollicular as well as the thyrotropic celis was - 3 Pajer Z: Kalitnik M., Herzog B: The effect of
shown, especially after” late- irradiation. It was .. perchlorate application on the mouse thyroid g;md, p‘,& et |
assumed that the reduced total number of thyrotroplc + Tugosl 1983%:13:71-81. ° ol |
and parafollicular cell nuclei was the result of irradia- 4 Kalignik M. Vraspir-Porenta O, Kham-Lindtner T, of T
tion damage, partly compensated by the increased = interdependence of the follicular, parafollicular, and mast cegy gy .
average cell volume. The differences between the-early:. mﬁ;’;:g“lgﬁ?: gland: A review and a synthesie, Agyy -

and late irradiated animals could be ascribed to the: 5 weibel ER: Stereological Methods, vol 1. New York, Academ:

longer restoration time for the former animals, ~ Press, 1979,
indicating the reversibility of the radiation damage. 6 Weibel ER: Stereclogical Methods, vol 2. New York, Aa.aQ-
. . . Press, 1980. 4

7 Pajer Z, Kalidnik M: The particle number estimation m~ j
depth of focus. Acta Stereol 1984:3:19-22.
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